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1 
INTRODUCTION 
THE PROBLEM 
Today we are in the modern nuclear age of which several nations 
of the world have a role. The United States is a forerunner in the 
world attempt to conquer the atom and its energy. The American con­
cern in this field is primarily in three areas: (1) the harnessing 
of the nuclear energy for economic reasons, (2) the magnitude of 
nuclear energy as a destructive threat, and (3) the resultant effects 
of ionizing radiation on biological organisms. 
This study was pertinent to the third area listed above. It 
was concerned with the effect of gamma-irradiation on seed gennination 
and its resultant effect on plant growth. 
2 
HISTORY OF THE PROBLEM 
Morphological effects following exposure to ionizing radiations 
have been noted in embryos, seeds, seedlings, roots, stems, buds, 
leaves, flowers, and fruits. Responses vary, _depending on physical 
environment, dose rate, total dosage, species and varieties of plants 
used, radio-sensitivity of the plant, age, physiological conditions 
at the time of irradiation, and probably other factors (1). 
The response of the plant may be death, complete growth inhi­
bition, mild morphogenetic abnonnalities, proliferations, stimulation, 
or little effect (3). 
Gennination of soaked radish seeds after irradiation seems to 
be affected very little up to 96,000 roentgens. Even at this level 
and as high as 179,000 roentgens, the germination percentage (71 per­
cent) is not reduced drastically (1). 
A bibliography for the period 1896-1955 on the effects of 
ionizing radiations on plants has been prepared by Sparrow, Binnington, 
and Pond (3). 
The objectives of this study were two-fold:. to determine the 
effects of ionizing radiation on seed germination, and to determine 
the effects of different levels of ionizing radiation on stem length 
of four species of plants. 
3 
STATEMENT OF THE NULL HYPpTHESIS 
The null hypothesis to be tested was constructed as follows: 
If gamma-irradiation has no effect on plant growth then there should 
be no significantly different effects in germination and subsequent 
growth between ir�adiated_and non�irradiated seeds. 
---- . 
• 
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MATERIALS AND METHODS 
METHODS OF EXPOSURE (1) 
Exposure of plants to ionizing radiations can be,. accomplished 
in several ways, the method chosen being dependent upon the source 
available, and the results desired. 
The plant might be exposed to internal emitters, that is, 
isotopes taken into the system and deposited there, acting as emitters 
of" radiations from within the plant, or the emitter may be external 
and may yield any type of radiation, including beta, gamma, neutrons, 
alpha particles or X-rays. Both external and internal irradiation 
might be used simultaneously. 
The plants, seeds, or spores may be exposed to an initial or 
acute dose of irradiation and then removed from further exposure; or 
plants may be exposed to ionizing radiations from gennination to 
maturity. The latter type is considered chronic irradiation. Acute 
irradiation involves minutes or hours of exposure; chronic irradiation 
involves days, months, or years. The most frequently used radio­
isotopes for ext_ernal acute or chronic irradiation, are cobalt-60, 
cesium-137 and ph__osphorus-32. _-
THE COBALT SOURCE AND ITS OPERATION 
The cobalt-60 source used in this experiment for the irradi­
ation of seeds is housed in a specially designed room located in the 
basement of the Agronomy greenhouse at South Dakota State University. 
5 
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The source at the time of its installation (March 15, 1957) 
had an initial activity of.157 curies. The calculations employed in 
. determining roentgen output at zero time (T
0 
= March 15, 1957)' at one 
• foot from the source were based on the fo�ula: 
Rf= 6 CE, where 
Rf= dosage rate in roentgens per hour at one foot, 
C = the curies of radioisotope emitting the gamma-radiation 
(assuming 3.7 x 1010 disintegrations per second or one 
curie), 
E = gannna energy in million electron volts per disintegration; 
therefore, 
Rf= 2261 roentgens per hour at one foot from source. 
A graph showing percent of activity of the_�obalt-60 source as 
a function of time during the course of this project is depicted in 
Figure 1. This is based on the 5. 27 year half-life of cobalt-60. 
The roentgen output at 6,·18, 24, 30, 36 and 42 inches from 
the source was calculated using the inverse square law formula (30): 
I1 = dosage rate at distance from the source, 
R2 = distance of known dosage rate, 
R1 = distance of unlmown dosage rate, and 
I2 = dosage- rate at known distance. 
as 
0 
' 
0 
-p_. 
100 
90 
80 
70 
60 
50 
40 
30 
-------- ·-....... -- -- - ---
20 
10 ·� 
1957 1959· · 1961 1963 1965 1967 1969 
Date of specific activity 
Figure 1. Percent activity of the cobalt-60 source 
as a function of time. · Points were 
plotted on March 15 of each year. Specific 
activity March 15, 1957 was 157 curies. 
- ----- . - -
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The resulting curve is depicted in Figure 2. The specific 
activity was detennined by.finding the percent activity on any date 
·_ (from Figure 1) and multiplying this percentage by 157 curies and sub­
stituting in the formula Rf'= 6 CE. This.gave roentgen output at orie 
foot from the source. By the formula previously described, the roentgen 
output every six inches from the source was determined for the period 
of this study (January, 1967) and was depicted graphically in Figure 3. 
IRRADIATION OF SEEDS 
Four groups of seeds were irradiated in this study. They were: 
Phaseolus vulgaris L., the pinto bean, Glycine �, Merr., the soybean, 
Raphanus sativus L., the __ ��dish, and Helia.nthus annuus L.; the sun­
flower. These groups were placed at different distances from the 
cobalt-60 source. Exposure levels of the groups are tabulated in 
Table I. 
Table I. Exposure levels to which each group of seeds were exposed. 
Distance from source 
in inches 
·Six 
Twelve 
Eighteen 
Twenty-four 
Thirty 
Thirty-six 
r/hr. 
2532 
633 
281 
158, 
101 
70 
Exposure time 
in hours 
40-
120 
120 
120 
120 
40 
Roentgen dosage 
101, 280 
75,960 
33,720 
18,960 
12,120 
2,800 
/ 
r.-t 
0 
CD 
- - -0 
1-0 
9' 
8 
7 
6 
5 
4 
3 
2 
1 
. 9  
.8  
.7 
. 6  
. 5 
-4 
.3 
.2  
.1 
' . 
. � . - . - ,· 
- ·- L 
--�6---1--....,;__.J.-_-,1 __ .L_,_-L_---1�--' 0 12 18 · -24 30 36 42 
Distance from source (in inches) 
8 
Figure 2. Roentgen output of cobalt-60 as a function of 
distance from the source. 100 percent activity 
from 157 curie source on March 15, 1957. 
9 
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Figure J. Roentgen output of cobalt-60 as a function of 
distance from the source. 28 percent activity 
from 43. 96 curie source on January ll, 1967. 
- �---- . . . - --- -- - - - �--·· --'-- -
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Planting Procedure: Dry seeds were irradiated at various levels 
10 
indicated in Table I and planted at approximately the same soil depth • 
. Six seeds were planted in each of six baskets, one for each radiation 
level. This procedure was used for each c;,f the four seed groups 
planted. The initial planting of the seeds took place on January 14; 
1967 .  The entire experiment was conducted on the Ernest P. Halter 
farm. Florescent and incandescent lights were used. Germination 
percentages of each group were calculated on the basis of percent of 
control.percent (2). 
• 
--- � .. - ----- - -----1.--- -
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RESULTS 
· Two• criteria were used to determine radiation effects: · seed 
germination and growth in stem length. The germination percentages· 
of the irradiated groups were compared to'the germination percentage 
of the control group as tabulated in Table II and graphed in Figure 
4. Stem growth as a function of time at the various radiation levels 
are shown in Figure 5 (Gl.ycine �); Figure 7 (Phaseolus vulgaris); 
Figure 9 . (Raphanus sativus); and Figure 11 (Helianthus annuus). 
Photographs also depict stem growth three weeks after germi­
nation. Figure.6 (Glycine �); Figure 8 (Phaseolus vulgaris); Figure 
10 (Raphanus satiws); �cl}'igure 12 (Helianthus annuus) show the 
growth patterns as they appeared four weeks after the initial planting 
of the seeds. 
___.,-· 
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Table II. The effects of various levels of irradiation on germination•· . 
percentages of Glycine �.Merr, Phaseolus vulgaris._L., 
Raphanus sativus L., and Helianthus annuus L. 
Control 
Plant genn. 
Soybean 67 
67 
67 
67 
67 
Pinto Bean 50 
50 
. -- 50 
% Dose 
101,280 
75,960 
33,720 
12,120 
2,800 
101, 280 
18,960 
----- 2,800 
Sample 
genn. % 
33 
33 
50 
17 
50 
Percent 
of control% 
50 
50 
75 
25 
75 
-------------------
17 
50 
100 
34 
100 
200 -----------------------------------------------------------
Radish 100 101,280 100 100 
100 75,960 83 83 
100 33, 720 . 100 100 
100 18,960 100 100 
100 12, 120 100 100 
100 2,800 100 100 -----�----------------------------- ----- ------------
Sunflower 100 101, 280 33 33 
100 75,960 33 33 
100 33, 720 67 67 
100 18,960 83 83 
100 12, 12Q_ 83 83 
100 2,800 100 100 
t: 
(I) 
(I) 
..... 
0 
� 
0 
1:: 
CD 
CD 
.......
..
. 4 
200 
100. 
90 
80 
70 
60 
50 
40 
30 
20 
6 Soybean 
0 Pinto bean 
0 ·Radish. 
Sunflower 
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101,280 75,960 33,720 18,960 12, 120 2, 800 Control 
Gamma irradiation in roentgens 
Figure 4. Gennination percentages of .four seed types as a .function 
of radiation dosages. 
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25 
20 
15 
10 
5 
Days after planting 
9 
� 21 
D 31 
t 
88, 620r _.26 ,340r 7, 460r Control 
Average exposure dosage in roentgens 
Figure 5. Growth length in Glycine max 
per unit · of time at four levels 
of irradiation. 
Figure 6. Stem growth of Glycine � four 
weeks after planting. · · 
14 
30 
Days after planting 
9 
� 21 
- t___ -- " 
0) 
S-t 
Q) 
� 25 
D 31 
Cl.> 20 
(,) 
15 
10 
5 
---_,1,,1,:--a.....-��-'---lf..�ill..-JL-__,J--�..L.J 
88,620r __ 26,340r 7,460r_ Control 
-- Average exposure dosage in roentgens 
Figure 7. Growth length in Phaseolus vulgaris 
per unit of time at four levels C-.. 
irradiation. 
Figure 8. Stem growth of Phaseolus vulgaris three 
_ weeks after planting. 
15 
CJl 
f.-4 
Q) 
30 
Days after planting 
. , � 25 
II 9 
Bl 21 
0 31 
+'· 
f 20 
0 
5 
0 
88,620r 26,340r 7,460r Control 
___ Average exposure dosage in roentgens 
Figure 9. Growth length in Raohanus sativus 
per unit of time at four levels of 
irrad.iatj_on. 
Figure 10. Stem growth in Ra.pha..Y).US sa.ti vus 
three weeks_ aft er plant; '1.g. 
16 
30 
Days after planting 
11 9 
£S 21 
� 25 031 
-� 20 
0 
88 ,620r _ 26 ,34-0r 7 ,l1-60r Control 
Average exposure dosage·in roentgens 
Figure 11. Growth· ler1ocrth in Helianthus armuus 
per unit of tiine at four levels of 
irradiation. 
Figure 12. Stem growth in Helianthus a.Y1J1uus 
four weeks after planting. 
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ANALYSIS OF VARIANCE FOR GLYCINE MAX STEM HEIGHT 
. (See appendix for complete analytical procedure) 
Table III. Individual growth measurements of stem height in centimeters 
at six levels of irradiationa 
-0,,,...� A B 
27. 6 4. 5  
40. 1 
26. 2 
7. 2 
32. 0  
aA: Control group 
B: 101, 280 roentgens 
C: 75,960 roentgens 
E: 18,960 roentgens 
C 
2.6 
5. 7 
F: 12, 120 roentgens ____ _ 
G: 2,800 roentgens 
E 
4.3 
3.
z 2. 
Table IV. Analysis of variance for Gl.ycine max. 
Source of variation DF ss 
Tss among plants T-1 = 5 3071. 22 
Ess within plants T(r-1) = 18 3061. 34 
� 0. 05 
---
F 
19.9 
MS F 
. 614. 24 3.61b 
170. 07 
Table V. Calculation of the Dunnett•s t-number and arrangement of 
groups according to their significance 
- C -control X = 31.40 - 22.46 = 8.94 
E 
3. 5  
C 
4.1 
CDunnett•s significance level number 
G 
12.9 
F 
19.9 
G 
15. 7 
15. 0  
8.1 
J - ------ . ·-- -- - "" 
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ANALYSIS OF VARIANCE FOR PHASEOLUS VULGARIS L. , STEM HEIGHT 
Table VI. Individual growth measurements of stem height in centi- ·. 
meters at four levels of irradiationa 
A 
9.9 
25.6 
33. 9 
aA: Control 
B: 101, 280 roentgens 
E: 18, 960 roentgens 
B 
4. 3  
G: 2,800 roentgens----- --
E 
3.9 
4. 4  
4. 5  
- Table VII. Analysis of variance for Phaseolus vulgaris L. 
Source of variation 
Tss among plants 
Ess within plants 
bp 0.05 
DF 
T-1 = 3 
T(r-1) = 8 
------
ss 
1112.52 
549. 37 
MS 
370.84 
68.67 
G 
36. 7  
27. 1 
J0.1 
31.9 
41.6 
·9.5 
F 
Table VIII. Calculation of the Du.nnett's t-number and arrangement of 
groups according to their significance 
Control X = 23.10 - 16. 36 = 6. 74 
E 
4.2 
B 
4. 3  
t 
6.74 
� 
21 
-- ANAlYSIS OF V.ARIANCE FOR RAPHANUS SATIVUS STEM HEIGHT 
Table IX. Individual growth measurements of stem height in centi­
meters at seven levels of irradiationa 
.A B C D E 
12.6 4. 6 9. 4 4.9 8.2 
11.2 4. 4 7.4 7.9 8.0 
10.6 4.0 9.7 9.9 8.9 
9.1 6.5 3 .2 8.8 8.6 
7.8 4.5 3. 7 8.5 6.0 
7. 3 9. 4 10.1 
aA: Control 
B: 101,280 roentgens 
C: 75,960 roentgens 
D: 33,720 roentgens 
E: 18,960 roentgens-- --- --
F: 12,120 roentgens 
G: 2,800 roentgens 
Table X. Analysis of va!iance for Raphanus sativus 
Source of variation DF ss 
Tss among plants T-1 =6 78. 20 
Ess within plants T(r-1) = 28 1655. 39 
�o significance ----
F G 
6. 7 36.7  
8. 3 27. 1 
7.2 .30.1 
7.1 31.9  
8.9 41.6 
10.6 9. 5  
MS F 
13. 03 .22b 
59. 12 
Table XI. Calculation of the Dunnett's t-number and arrangement of 
groups according to their significance 
Control X = 11.57 - 10. 30 = 1�27 
t 
1.27 
B 
5.2 
C 
6.6 
F 
8.1 
D 
8.2 
E 
8. 3 
G 
10.0 
A 
10.J 
--·-· - - -- ---·- - -- -- ------ -------
22 
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ANALYSIS OF VARIANCE FOR HELIANTHUS ANNUUS STEM-HEIGHT 
Table Ill. Individual growth measurements of stem height in centi- . 
meters at seven levels of irradiation 
A B C D E F 
17.0 2.8 3.8 1.5 8.6 24.1 
19.3 2.9  3.0 11. 5 3.8 22.9 
19.0 13.9 17.3 19. 6 
22.2 6.6 18. 0 2.6 
21.l 11.7 3.8 
17.1 
Table XIII. Analysis of variance for Helianthus annuus 
Source of variation 
Tss among plants 
Ess within plants 
ap 0.01 
DF 
T-1 = 6 
T(r-1) = 42 
ss 
1994.07 
70.86 
MS 
324.34 
1.69 
G 
8.9 
8.2 
6.7 
17.5 
17.1 
13.4 
F 
Table XIV. Calculation of the Dunnett I s t-number and arrangement of 
groups according to their significance 
Control X = 19.300 - . 547 = 18. 75 
D 
8.35 
F 
14.6 
t 
18.75 
·, 
DISCUSSION 
SEED GERJUNATION 
The percentage of irradiated seed gennination of Glycine max 
Merr., the soybean; Phaseolus vulgaris L.� the pinto bean; Raphanus 
sativus L., the radish; and Heliarithus annuus L. , the sunflower were 
compared to the percent of control germination as shown in Figure 4. 
The effects of gamma-irradiation on seed gennination was 
similar.in pinto bean, sunflower, and soybean except for the pinto 
bean at the 2800 r exposure level. It was doubtful that this high 
germination percentage was due to the radiation effect although in­
creased growth has been reported due to low levels of radiation. 
Radish gennination remained quite high at all levels of irradiation. 
This tended to support the results of Myers (1) with soaked seeds of 
radish. Dry seeds will germinate after much higher radiation exposure 
than will soaked seeds. 
Soybean. The 101,280 r, 75, 960 r, and 18,960 r dosage levels 
showed significant effects, with P < 0. 05. This indicated that the 
. probability of results, obtained from radiation exposure , at these 
levels, would be obtained from a control population at five percent 
or less. 
Pinto bean. The 101, 280 r and.18,960 r dosage levels showed 
significant effects with P< 0 .05. No germination at levels between 
18,960 and 101, 280 r were considered due to environmental factors other 
than radiation. 
____ . --- -- � ··-- � -- - --- -- --
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Radish. The radish showed no significant effects of· radiation 
dosage after three weeks of growth. Results obtained here could be 
expected in a control population analysis in at least 95% of the cases 
tested. 
Sunflower. All ievels of radiation exposure showed a highly 
significant effect on sunflower stem growth. In fact, the results 
of exposure to dosages from 2800 r and above yielded P < 0. 01. This 
indicated that t�e probability was of one in 100 of obtaining results 
similar.to these in a control population. 
OTHER MORPHOLCGICAL CHARACTERISTICS 
All irradiated gr���s appeared to deviate in stem grO"wth 
patterns from the control group. The significantly deviating groups 
were indicated by the Dunnett's t-test. The remaining groups and 
their minor deviations were attributed to random growth habit. 
Accelerated stem growth at lower radiation exposure levels 
might be attributed to the radiation serving as a stimulus to plant 
growth, as in pinto bean. This has been noted in several species (1). 
Large and healthy cotyledons were noted in the higher irradi­
ation group levels. This phenomenon might be explained by radiation 
injury to the epicotyl and root. The stored food would be utilized by 
the cotyledons rather than carried to other storage areas in the plant. 
25 . 
CONCLUSIONS 
Certain levels of radiation dosages do affect plant stern growth 
and germination percentages. It was apparent from this evidence that 
the radish was the most tolerant to gamma-irradiation effects. The 
pinto bean and soybean were grouped in the medium tolerance range and 
were quite similar in their response to radiation dosages. The sun­
flower was considered the most sensitive to gamma-irradiation exposure. 
By the use of the Dunnett's t-test, the null hypothesis was 
rejected for pinto bean (P <o.05), soybean (P <o.05), sunflower 
(P< 0.01) and was accepted for the radish. 
Recommendations would include carrying out the study under 
field conditions, increasing the number of plants tested and the 
number of replications in the study. 
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CONSTRUCTION OF THE DUNNETT ' S  t-TEST on GLYCINE MAX 
Individual growth measurements at the end of the 
A B 
27. 6  4 . 5 
40 . 1  7 . 2  
26 . 2  11 . 7  
32. 0  
· 125 . 9  
aA :  Control group 
B :  101, 280 roentgens . 
C :  75 ,960 roentgens · 
· E :  18 , 960 roentgens- -- - - -
F :  12, 120 roe�tgens 
G: 2,800 roentgens 
The analysis of variance 
�x jj : Xj 
- �  1- n::a. 
�j� 
� in 
x. H  
A 
125 . 9  
1020 .05 
3962 . 70 · 
2040 .10 
31 .40 
B 
• 
11 . 7  
36 .04 
68 .44 
32.40 
5 .80 
asummations of the coltmms 
D E 
2. 6 · .4 .3 
5 . 7  3 . 7 
8 .3 2 . 6  
10 .6 
C ]; F 
s .3  10 . 60 19 . 90 
19 . 73  12.98 396 .01 
34-44 37 .45 396 .01 
14 . 71 2.4 .47 
4 .10 3 . 50 19 . 90 
studya 
F 
19 .9  
19 . 9  
G 
38 .. 80 
179 .03 
501 .81 
322 . 78 
12 .90 
28 
G 
. 15 .7  
15 .0 
8 . 1  
38 .8  
. ..... 
Ha 
215 . 2  
1663 .84 
5000.85 
2434 .46 
12.90 
- · Correction sum of the squares 
"J?- = 215 . 2
2 
= 46311 . 04 = 1929.63 
r .t 4x/J 24 · 
Total sum of squares 
1929.63 - 1663 . 84 = 265.79 
Treatment of stun of squares 
5000 .85 - 1929.63 = 3 071 . 22 
Error sum of squares = total ss - treatment ss 
3071. 22 - 9 .88 = 3061 .34 
Ana�sis for variance fo�_Glycine ™ 
Source of variation 
Tss among plants 
. Ess within plants 
bp· 0.05 
DF 
T-1 = 5 
T(r-1) = 18 
ss 
3 071 . 22 
3061.34 
= 2(170 . 07) 4 
= 340 .14 = 9.32 
4 85 .04 
C d - 9.32 X 2.4l = 22.46 
MS 
614 . 24 
170 .07 
29 
F 
b 3.61 . 
�Il.nnber in the Dunnett•s t-table, Steel and Torri, pp. 446, 1960 .  
dThe Dunnett' s t-m.nnber. 
. I 
30 
· Co�trol X -:- Dunnett ' s  t-number = significance numbers to the left of it . 
31 .40 - 22.46 = 8 .94 
E 
3. 5 
C 
4.1 
B 
5 .8  
F 
19 .90 
eTlle numbers to the left of t '  are the significant mean groups . 
A 
31 .40 
